Introduction {#S0001}
============

Glomerular disease, both diabetic and nondiabetic, is still the main cause of chronic kidney disease and end-stage renal disease (ESRD). Glomerular disease as a consequence of podocyte dysfunction accounts for about 90% ESRD.[@CIT0001] Podocytes are glomerular visceral epithelial cells that have terminal differentiation and play an important role in the regulation of glomerular function.[@CIT0002] On the other hand, podocytes are cells that are very susceptible to injury. Podocytes that get an injury will respond in the form of effacement, proliferation, apoptosis or detachment.[@CIT0003] Severe and persistent injury, such as in chronic hyperglycemia, will generally cause detachment and/or apoptosis, thereby reducing the number of podocytes.[@CIT0003],[@CIT0004] Injury to podocytes due to uncontrolled hyperglycemia and resultant podocyte apoptosis are the most significant events that seem to contribute to decreasing podocyte density which can be evaluated as microalbuminuria.[@CIT0005] Podocytes which are detached from glomerular basement membrane (GBM) become susceptible to apoptosis.[@CIT0006] Among several mechanisms involved in causing damage to podocytes and its subsequent detachments and apoptosis, injuries sustained by increased oxidative stress turn out to be the most important mechanism.[@CIT0007] Podocyte detachment and apoptosis cause podocytopenia and will later lead to the formation of synechia and glomerular sclerosis.[@CIT0008] On the basis of this understanding, it is important to explore various therapeutic agents and drug targets that might offer certain levels of protection for podocytes by reducing stress oxidase, and subsequent podocyte detachment that can ultimately help in treating DN does not respond well to current treatment options and has a high morbidity and mortality.[@CIT0007]

Rosmarinic acid (RA) is a plant-based compound found in a wide variety of spices which has the function as an antioxidant and anti-inflammatory[@CIT0009]; decreases nuclear factor-kB (NF-kB); increases glutathione transferase, anti-activity of Bcl-2, peroxynitrite scavengers[@CIT0010],[@CIT0011]; improves the activity of superoxide dismutase, glutathione peroxidase and catalase in the kidneys[@CIT0009] and inhibits CTGF,[@CIT0012] which is a downstream effector of TGF-β. Telmisartan (TMS) is the ARB of choice in managing DN with several advantages including inhibiting matrix accumulation, 24-hr half-life, partial PPAR-Ƴ agonists and high lipophilicity.[@CIT0013] PPAR-Ƴ agonists have beneficial effects to increase insulin sensitivity and increase lipid metabolism.[@CIT0014] PPAR-Ƴ agonists also have antifibrotic effects in nondiabetic or nonhyperlipidemic CKD models, which can improve the development of sclerosis.[@CIT0015] This effect is associated with decreased PAI-1 and TGF-β and decreased macrophage infiltration and podocyte protection against injury.[@CIT0016],[@CIT0017] Hence, with the double effect of TMS on the blocking of AT1 receptor and activating PPAR-Ƴ, it is expected to provide more optimal therapeutic results in the management of DN, especially in DN with hypertension, metabolic syndrome and insulin resistance. Based on the information above, we hypothesize that RA can prevent detachment of podocyte and inhibit the progression of DN, and the combination of RA with TMS has a better effect than individually.

Methods {#S0002}
=======

Materials {#S0002-S2001}
---------

Streptozotozin (STZ) was purchased from Bio World with catalog number 41910012-3 (714990). RA (molecular formula: C~18~H~16~O~8~, molecular weight: 360.31) 96% was purchased from Sigma-Aldrich Co (St Louis, MO, USA) with product number 536954. TMS (Micardis^®^) from Boehringer Ingelheim Pharmaceuticals, Inc. Podocin urine, nephrin urine and albumin were measured by rat NPHS2 Elisa kit 96T (cat. no. E1595Ra), Rat NPHN Elisa kit 96T (cat. no. E1366Ra) and Rat Albumin Elisa Kit 96T (cat. no. E1276Ra), respectively, whereas cystatin C was measured by Rat Cys-C Elisa kit 96T (cat. no. E0145Ra). All of Elisa kits were purchased from Bioassay Technology Laboratory (Shanghai Korain Biotech Co Ltd, China). Expression of p65 NF-kB was determined by antibody NF-kB p65 (A-12) (cat. no. sc-514451) from Santa Cruz Biotechnology, California, USA. Nephrin expression was determined by Nephrin (G-8) HRP mouse monoclonal IgG2a (cat. no. sc-376522), from Santa Cruz Biotechnology, California, USA, whereas podocin expression was determined by by rabbit anti-NPHS2/Podocin polyclonal antibody (cat. no. bs-6597R) from BIOSS Inc. (Woburn, MA, USA).

Animals {#S0002-S2002}
-------

Adult male Wistar rats (7--9 weeks; 150--170 g) obtained from the Central Animal House of the Universitas Brawijaya, Malang, were used in the experiment. Before starting the experiment, the rats went through an adjustment period of 7 days. The rats were caged individually and maintained at a constant temperature and fed with a composition of 60% calories from fat to get diabetic rats with insulin resistance and free access to water. All animal procedures were approved by the Animal Ethics Committee of Universitas Brawijaya, Malang, Indonesia. The ethics committee reviewed the research protocol based on Institutional Animal Care and Use Committee guidelines.

Diabetes induction {#S0002-S2003}
------------------

After 1 week of adjustment, rats were given a high-fat diet for 3 weeks. On the 22nd day, the rats were fasted for 6--8 hrs (starting at 7 am) before giving STZ. The study group received STZ to induce diabetes mellitus, whereas the control group received citrate buffer without STZ. Diabetes was induced by a single intraperitoneal injection of 40 mg/kg STZ, diluted in 0.1 M sodium-citrate buffer (pH 4.5).[@CIT0018] Age-matched control rats received an equivalent amount of sodium citrate buffer. After STZ injection, rats get a free diet and water. Blood samples were collected from the tail vein 5 days after STZ or vehicle injection. Glucose levels were measured with a portable glucometer (Nesco). Only rats with fasting blood glucose over 280 mg/dL were considered diabetic and used for the study.

Experimental design {#S0002-S2004}
-------------------

The rats were randomly divided into 5 groups (4 rats per group). Group 1 was negative control (normal, nondiabetic rats), group 2 was positive control (diabetic rats without therapy) and 3 groups of diabetic rats that received therapy consisting of group 3 treated with RA 75 mg/kg body weight (BW)/day, group 4 treated with TMS 1 mg/kg BW/day, and group 5 treated with a combination of RA 75 mg/kg BW/day and TMS 1 mg/kg BW/day. At the first day of the blood sugar target is reached, the rats get therapy according to the treatment group, while the rats in the control groups received saline solution. RA was prepared freshly in 25% ethanol and administered via gavage, between 7 and 8 am once a day for 8 weeks, at a volume not exceeding 0.1 mL/100 g rat weight. The choice of this dose of 75 mg/kg of RA was made based on Tavafi[@CIT0009] (the recommended antioxidant dose of RA was from 50 to 100 mg/kg body weight/day) and TMS 1 mg/kg body weight based on Wienen.[@CIT0013]

In order to correct for the interference of ethanol, a group of control rats received a solution of 25% ethanol. Eight weeks after the treatment, urine specimens were collected and then the rats were anesthetized for blood collection by cardiac puncture and the kidneys were carefully removed for subsequent biochemical analysis. The biological material that was not used was disposed of following biosecurity standards.

Measurement of albumin urine, urinary nephrin and podocin and serum cystatin C level by ELISA 24-hr urine collection was performed using metabolic cage at the end of the study for measurement of albumin urine, urinary nephrin and podocin excretion, whereas serum cystatin C level was measured from a blood sample. The measurement method refers to the protocol in the ELISA kit for each examination and reading using an ELISA reader.

Renal histological analysis {#S0002-S2005}
---------------------------

Renal histological analysis was done as described previously.[@CIT0019] The kidneys were fixed in 10% buffered formalin, embedded in paraffin, cut into 3-μm sections and stained with hematoxylin and eosin. The sections were viewed with a light microscope (Olympus) under 400× magnification. Forty glomeruli per sample sections were photographed randomly. Glomerular area (GA) was assessed with ImageJ 1.48 software. Glomerular volume (GV) was calculated using the formula by Rangan and Tesch,[@CIT0020] GV =1.2545 (GA).[@CIT0001],[@CIT0005]

Immunohistochemical assay {#S0002-S2006}
-------------------------

Immunohistochemical analysis was done as described previously.[@CIT0019] Paraffin-embedded 3-µm tissue sections were deparaffinized with xylene and gradually dehydrated in ethanol. The sections were incubated with 4% hydrogen peroxidase (15 mins at RT) to block endogenous peroxidase activity. Nonspecific binding of antibodies was blocked by incubating slides with 3% FBS +0.25% Triton X-100 (1 hr at RT). The sections were stained using rabbit anti-p65 NF-kB antibody (90 mins at RT), which were dissolved in PBS +3% FBS +0.25% Triton X-100 for expression of p65 NF-kB. Then, the slides were incubated with biotinylated secondary antibody (1 hr at RT), followed by streptavidin horseradish peroxidase (40 mins at RT). Slides were visualized using diaminobenzidine (DAB) and counterstained with hematoxylin. Slides were mounted and observed under a light microscope (Olympus) with 400× magnification. Ten glomeruli per sample section were observed randomly. After that, we calculated the total number of DAB staining area and then divided it into 10 to get the average of each glomerulus per sample observed.

Immunoﬂuorescence staining {#S0002-S2007}
--------------------------

In brief, tissue sections were fixed with 4% paraformaldehyde for 15 mins, washed with PBS three times, permeabilized with 2% Triton X-100 for 5 mins and blocked with blocking solution (2% BSA and 2% FBS in PBS) for 30 mins. Primary and secondary antibodies were applied at the appropriate dilutions according to standard techniques. Double staining was achieved by incubating with primary antibody and FITC-conjugated secondary antibody and then incubated with rhodamine-conjugated secondary antibody for 1 hr. The negative control was performed using 2% BSA in PBS instead of the primary antibody. Images were obtained by confocal laser-scanning microscopy (Fluoview FV1000, Olympus, Tokyo, Japan) and recorded on a computer using Fluoview Ver.4.2a viewer and processed with ImageJ 1.50 software (NIH, MD, USA).

Statistical analysis {#S0002-S2008}
--------------------

All data are presented as mean ± SD of two independent experiments. Differences between groups were determined by one-way ANOVA test, followed by post hoc test using the least significant difference. All technical data processing results were analyzed by computerization using Statistical Product and Service Solution software, IBM SPSS Statistics 20, with a significance level of 0.05 (=0.05) and a confidence level of 95% (α=0.05).

Results {#S0003}
=======

Diabetic induction {#S0003-S2001}
------------------

The average blood glucose level after 5 days of STZ injection in the diabetes group (positive control, RA, TMS and combination RA with TMS groups) was 352±61.57 mg/dL, 388±37.17 mg/dL, 319±25.89 mg/dL and 394±49.02 mg/dL, respectively, which were not statistically different (*p*\>0.05). In the negative control group, the average blood glucose level was 95±9.29 mg/dL which was significantly different compared to the diabetes group ([Figure 1](#F0001){ref-type="fig"}).Figure 1Weekly blood glucose levels were measured by portable glucometer.**Notes:** I, blood glucose pre-STZ injection; II, blood glucose post-STZ injection; III-VII, blood glucose levels at week 3 to week 7. Results are expressed as the mean ± SD. a, b, c and d denote the difference annotations that imply significant differences (*p*\<0.05). a vs b (*P*\<0.05); a vs c (*P*\<0.05); b vs c (*P*\<0.05), b vs d (*p*\<0.05), c vs d (*p*\<0.05).**Abbreviations:** NC, negative control; PC, positive control; RA, rosmarinic acid; STZ, streptozotocin; TMS, telmisartan.

Diabetic nephropathy (DN) evaluation {#S0003-S2002}
------------------------------------

Evaluation of DN was assessed from the presence of albuminuria and glomerular hypertrophy in the histological picture of the kidneys. Significantly elevated albuminuria was shown in the positive control group compared to the normal control group (*P*\<0.05), whereas albuminuria levels were ameliorated in the diabetic treated group. There were no significant differences in the albuminuria level between the RA groups compared to the normal control group ([Figure 2](#F0002){ref-type="fig"}). The positive control group revealed a significant increase of GV compared to the normal control groups and treated diabetic groups ([Figures 3](#F0003){ref-type="fig"} and [4](#F0004){ref-type="fig"}). For RA group, there were no significant differences for albuminuria and GV compared to the normal control group (*P*\<0.05). This result indicated that treated diabetic groups slowed down functional and pathological deterioration of DN in diabetic rats, and the RA group showed the best effect significantly compared to the other therapy groups.Figure 2Treatment effect on albuminuria. Results are expressed as the mean ± SD. a, b and c denote the difference annotations that imply significant differences (*p*\<0.05). a vs b (*P*\<0.05); a vs c (*P*\<0.05); b vs c (*P*\<0.05).**Abbreviations:** NC, negative control; PC, positive control; RA, rosmarinic acid; TMS, telmisartan.Figure 3Treatment effect on glomerular volume. Glomerular volume (GV) was measured by renal histology analysis. Results are expressed as the mean ± SD. a, b and c denote the difference annotations that imply significant differences (*p*\<0.05). a vs b (*P*\<0.05); a vs c (*P*\<0.05); b vs c (*P*\<0.05).**Abbreviations:** NC, negative control; PC, positive control; RA, rosmarinic acid; TMS, telmisartan.Figure 4Representative photomicrographs of groups I--V (original magnification, 400×) of the HE-stained kidney section among groups. I. negative control group; II. positive control group; III. RA group; IV. TMS group; V. combination of RA with TMS group.**Abbreviations:** RA, rosmarinic acid; TMS, telmisartan.

Effect of RA on urinary nephrin and podocin {#S0003-S2003}
-------------------------------------------

The levels of urinary nephrin and podocin in the treated diabetic rat groups differed significantly compared to the positive control group. On the other hand, the treated diabetic rat groups compared to the normal control group did not find significant differences ([Figure 5](#F0005){ref-type="fig"}).Figure 5Treatment effect on nephrin and podocin urine excretion. The concentration of urinary nephrin and podocin by ELISA.**Notes:** Results are expressed as the mean ± SD. a and b denote the difference annotations that imply significant differences (*p*\<0.05). a vs b (*P*\<0.05). **Abbreviations:** NC, Negative control; PC, positive control; RA, rosmarinic acid; TMS, telmisartan.

Effect of RA on expression of glomerular nephrin and podocin {#S0003-S2004}
------------------------------------------------------------

The micrographs of nephrin and podocin fluorescence are represented in [Figure 6](#F0006){ref-type="fig"}. Negative staining control is used as evidence that autofluorescence does not occur. Fluorescence podocin is green, while nephrin is red. The mean graph of nephrin and podocin expression and podocin/nephrin expression ratio are presented in [Figures 7](#F0007){ref-type="fig"} and [8](#F0008){ref-type="fig"}. The expressions of glomerular nephrin and podocin in the RA group and the combination of RA with TMS group were significantly higher compared to the control group, both negative and positive and the TMS group. For the RA group, the expression of nephrin and podocin differed significantly compared to the combination of RA with TMS.Figure 6Treatment effect on glomerular podocin and nephrin. Immunofluorescence from podocin is characterized by FITC staining (green) and nephrin characterized by rhodamine staining (red). The image was taken using a confocal laser scanning microscope (magnification 400×, line scale 50=µm).**Abbreviations:** NC, negative control; PC, positive control; RA, rosmarinic acid; TMS, telmisartan.Figure 7Histogram expression of glomerular podocin and nephrin. Results are expressed as the mean ± SD. a, b and b denote the difference annotations that imply significant differences (*p*\<0.05). a vs b (*p*\<0.05); a vs c (*p*\<0.05); b vs c (*P*\<0.05).**Abbreviations:** NC, negative control; PC, positive control; RA, rosmarinic acid; TMS, telmisartan.Figure 8Histogram ratio of glomerular podocin/nephrin. Results are expressed as the mean ± SD. a and b denote the difference annotations that imply significant differences (*p*\<0.05). a vs b (*P*\<0.05).**Abbreviations:** NC, negative control; PC, positive control; RA, rosmarinic acid; TMS, telmisartan.

Effect of RA on expression of p65 NF-kB {#S0003-S2005}
---------------------------------------

The expression of p65 NF-kB in the treated diabetic rat groups differed significantly compared to the positive control group. In the TMS group, the expression of p65 NF-kB differed significantly compared to the negative control group, whereas in the RA group and the combination of RA with the TMS group, it did not differ significantly ([Figures 9](#F0009){ref-type="fig"} and [10](#F0010){ref-type="fig"}).Figure 9Treatment effect on p65 NF-kB expression. Immunohistochemical images of glomerular rats. The arrow indicates the expression of p65 NF-kB in the glomerulus. The image was taken using a microscope with the master scan dot slide application with a magnification of 400×. I. NC group; II. PC group; III. RA group; IV. TMS group; V. combination of RA with TMS group.**Abbreviations:** NC, negative control; PC, positive control; RA, rosmarinic acid; TMS, telmisartan.Figure 10Histogram expression of glomerular p65 NF-kB. Results are expressed as the mean ± SD. a, b, and c denote the difference annotations that imply significant differences (*p*\<0.05). a vs b (*P*\<0.05); a vs c (*P*\<0.05); b vs c (*P*\<0.05).**Abbreviations:** NC, negative control; PC, positive control; RA, rosmarinic acid; TMS, telmisartan.

Effect of RA on cystatin C serum level {#S0003-S2006}
--------------------------------------

Serum cystatin C levels were significantly increased in the positive control group in comparison with the normal control group. Compared to the positive control group, the therapy group significantly inhibited the increase in serum cystatin C level, although it was significantly higher than the negative control group. Compared to the TMS group and the combination of RA and TMS group, treatment with RA monotherapy differed significantly in preventing an increase in serum cystatin C level ([Figure 11](#F0011){ref-type="fig"}).Figure 11Treatment effect on serum cystatin C level.**Notes:** The concentration of serum cystatin C by ELISA. Results are expressed as the mean ± SD. a, b, c and d denote the difference annotations that imply significant differences (*p*\<0.05). a vs b (*P*\<0.05); a vs c (*P*\<0.05); b vs c (*P*\<0.05), b vs d (*p*\<0.05), c vs d (*p*\<0.05).**Abbreviations:** NC, Negative control; PC, positive control; RA, rosmarinic acid; TMS, telmisartan.

Effect of RA on blood glucose level {#S0003-S2007}
-----------------------------------

In the positive control group, the RA group and the TMS group, there was a decrease in blood glucose levels that began to occur at week 3 of therapy and continued to decline until the end of the study, whereas in RA and TMS combination therapy, blood glucose levels initially decrease, but, interestingly, at week 4 the levels increase again. The decrease in blood glucose levels in the diabetes group in this study showed the possibility of the effect of a high-fat diet on the occurrence of insulin resistance, and then this insulin resistance decreases after a high-fat diet was replaced with a normal diet.

In the RA group, the decrease in blood glucose occurred gradually, and from week 5 and in the following week, blood glucose levels did not differ significantly compared to the negative control group. Whereas in the TMS group, a decrease in blood glucose was relatively faster compared to the RA group, so at week 4, blood glucose levels in the TMS group were significantly lower compared to the RA group. Then, after week 4, the blood glucose level of the TMS group compared to the RA group did not differ significantly. These results indicated an antidiabetic effect of TMS and RA with TMS giving a stronger decrease in blood glucose level compared to the RA. Interestingly, in the combination of RA and TMS group, which in the week 4 of therapy found a decrease in blood glucose as good as the TMS group, but in the following weeks, blood glucose tended to increase, which was not significantly different compared to the positive control group ([Figure 1](#F0001){ref-type="fig"}). These results indicated an antagonistic effect between RA and TMS on blood glucose levels.

Discussion {#S0004}
==========

Podocyte injury is considered as the main contributor to the development and progression of DN.[@CIT0021] Podocyte injury causes cellular hypertrophy, effacement foot processes and podocyte detachment which can subsequently cause a decrease in the number of podocytes.[@CIT0022] Decreasing the number of podocytes causes the collapse of the glomerular loop, exposure to glomerular basement membrane (GBM), adhesion to Bowman's capsule and ultimately causes glomerulosclerosis.[@CIT0008] Studies have shown that a decrease in the number of podocytes occurs in the early stages of DN and is caused by apoptosis or podocyte detachment.[@CIT0022] On this basis, maintaining podocytes so as not to apoptosis and/or detachment from the GBM below is important. These goals can be achieved by inhibiting pro-detachment (or pro-apoptosis) factors and/or strengthening pro-attachment (or anti-apoptotic) factors.[@CIT0023] Experimental studies established the role of oxidative stress as a central factor in the onset and progression of DN. Thus, inhibition of oxidative stress may constitute a focal point for multiple therapeutic synergies.[@CIT0009] Research showed that RAAS activation and oxidative stress were not isolated in the pathogenesis of DN; they cross-talk each other and together contribute to the development and progression of DN.[@CIT0024],[@CIT0025] Because of DN, structural injury develops over years before appearing in clinical and laboratory ﬁndings, and RAS blocker and antioxidant therapy must be started after diabetes identiﬁcation to prevent and slowing of reaching to DN or ESRD.[@CIT0009]

Our data showed that in the treated diabetic rats group, RA therapy at a dose of 75 mg/kg, TMS 1 mg/kg and combination of RA with TMS for 8 weeks showed urinary nephrin and podocin levels, as podocyte-specific markers were significantly lower compared to the diabetic groups that were not treated (positive control), but not significantly different compared to the negative control group ([Figure 5](#F0005){ref-type="fig"}). From these data, we conclude that RA or TMS therapy, both as monotherapy and as combination, can prevent detachment of podocytes from the GBM. Interestingly, the combination of RA and TMS is not better than monotherapy in preventing podocyte detachment. Whereas for glomerular nephrin and podocin expression, RA therapy showed significantly higher nephrin and podocin expression compared to a combination of RA with TMS. On the other hand, in the TMS treatment group, the expression of glomerular podocin and nephrin was not significantly different compared to the control group, both negative and positive control groups ([Figure 7](#F0007){ref-type="fig"}). This evidence clearly shows the role of RA therapy in increasing the expression of nephrin and podocin in STZ-induced diabetic rats.

RA has the main effect as an antioxidant and anti-inflammatory[@CIT0009] as well as TMS as an antihypertensive drug, also has antioxidant effects[@CIT0026] and anti-inflammatory.[@CIT0027] Based on our data, it is shown that the better preventive effect on the detachment of podocytes and increased expression of glomerular podocin and nephrin with RA therapy compared to the TMS therapy is probably due to the better anti-inflammatory effects of RA compared to TMS. We proved this by decreasing the expression of p65 NF-kB with RA therapy which was significantly different compared to TMS ([Figures 9](#F0009){ref-type="fig"} and [10](#F0010){ref-type="fig"}). Increased expression of the p65 NF-kB subunit can reduce nephrin expression.[@CIT0028] Interestingly although both have antioxidant and anti-inflammatory effects, the combination of both actually showed an antagonistic effect. The mechanism of the effect of RA therapy with TMS which seems to be the opposite is still unclear. It is possible because of the effect, at least in part, of significantly higher blood glucose at the end of the study in the combination therapy of RA with TMS group compared to monotherapy. Further research is needed to clarify this.

Aaltonen et al,[@CIT0029] in his research, found that nephrin was detectable in the urine of STZ-induced rats in 4 weeks, then peaked by 6 weeks. On the other hand, studies of glomerular nephrin in STZ-induced hyperglycemia were significantly reduced after week 8, while podocin did not change.[@CIT0030]

Similar to our data, at week 8, the urinary podocin and nephrin levels were found to be the highest in the positive control group significantly ([Figure 5](#F0005){ref-type="fig"}); conversely, although the results were not significantly different, the expression of glomerular podocin and nephrin was lowest in the positive control group ([Figure 7](#F0007){ref-type="fig"}). We do not know exactly why glomerular podocin and nephrin in the positive control group did not decrease significantly compared to the negative control group. We speculate that this condition is caused by the duration of our study which is only 8 weeks. Further clarification is needed regarding these results. In contrast to the Menne et al[@CIT0030] results, at week 8, besides nephrin expression, podocin expression in the RA group and the combination of RA with TMS group also increased, and thus the ratio of the expression of glomerular podocin/nephrin in the RA group and the combination of RA with TMS was significantly higher compared to other groups ([Figure 8](#F0008){ref-type="fig"}). The mechanism for increasing podocin expression is still unclear, while an increase in nephrin expression can occur due to a decrease in the expression of p65 NF-kB, which has a negative feedback response to nephrin expression[@CIT0028] and inhibit by angiotensin II, which has been demonstrated that administration of ACE inhibitors or angiotensin II receptor blockers able to increase the nephrin production in diabetic animals.[@CIT0031] Activation of NF-kB in podocytes can also induce epithelial transition to the mesenchymal, thereby reducing nephrin expression.[@CIT0002],[@CIT0028] In this study, it appears that RA monotherapy is significantly better compared to TMS therapy and the combination of RA with TMS to increase nephrin expression and decrease in p65 NF-kB expression ([Figures 7](#F0007){ref-type="fig"} and [10](#F0010){ref-type="fig"}). While in other study, using different combination, perindropril with aminoguanidine, for 32 weeks, shows that a combination of both associated with a superior restoration in diabetes-induced nephrin depletion protein compared to either monotherapy.[@CIT0032] Unfortunately, in this study, we only assessed the total amount of NF-kB, not assessing the phosphorylation of the IkBα inhibitor molecule to assess NF-kB activity.

Albuminuria is an independent risk factor for the progression of DN.[@CIT0033] The level of albuminuria in the early stages of DN can tell us whether there is glomerular damage or not and the extent of the damage. Investigation of proteinuria or albuminuria continues to be the gold standard for diagnosis and staging of DN.[@CIT0034] Studies have suggested that an important mechanism in DN proteinuria may be that certain protein molecules in multiple podocyte slit diaphragms, including nephrin and podocin, are abnormally expressed and distributed.[@CIT0035],[@CIT0036] Podocyte plays an integral role in maintaining the glomerular filtration barrier and preventing protein loss into the urine.[@CIT0037] It is well known that albuminuria is diminished by the administration of ACE inhibitors or angiotensin II receptor blockers.[@CIT0032] Likewise in RA, which can inhibit the increase in albuminuria.[@CIT0012] The results of this study showed that RA therapy can prevent albuminuria ([Figure 2](#F0002){ref-type="fig"}), and this result is in line with the prevention of detachment of podocytes in the urine ([Figure 5](#F0005){ref-type="fig"}). There is a strong positive correlation between albuminuria with urinary nephrin and podocin (r=0.814 and r=0.832, respectively) ([Table 1](#T0001){ref-type="table"}). On the other hand, there is a moderate negative correlation between albuminuria with expression of glomerular nephrin and podocin (r=−0.589 and r=−0.497, respectively) ([Table 2](#T0002){ref-type="table"}). The levels of albuminuria, urinary podocin and nephrin in the RA therapy group did not differ significantly with negative control group. Interestingly, the anti-proteinuria effect on combination therapy RA with TMS was significantly weaker compared to the RA monotherapy, although it was still better compared to the positive control group. It is still unclear whether this effect is related to the blood glucose level of the combination RA with TMS group which tends to increase starting at week 5, while on the other hand in the RA group and TMS group, blood glucose levels decrease and even at the end of the study did not differ significantly with negative control group ([Figure 1](#F0001){ref-type="fig"}). Based on the results of a study from Jiang et al,[@CIT0012] this improvement was not due to improved glucose levels, but because of the direct renoprotective effect of RA. This is likely to be in accordance with the metabolic memory phenomenon, ie fact that prior glucose control has sustained effects that persist even after return to more usual glycemic control.[@CIT0038]Table 1Correlation of nephrin and podocin urine excretion with clinical parametersNephrin urine (ng/mL)Podocin urine (ng/mL)r*P*-valuer*P*-valueAlbumin urine (mg/dL)0.814\<0.0010.832\<0.001Cystatin C serum (mg/dL)0.708\<0.0010.576\<0.001[^1] Table 2Correlation of expression nephrin and podocin glomerulus with clinical parametersNephrin expression (arbitrary unit)Podocin expression (arbitrary unit)r*P*-valuer*P*-valueAlbumin urine (mg/dL)−0.5890.004−0.4970.019Cystatin C serum (mg/dL)− 0.5590.007− 0.2070.356[^2]

Progression is the process by which progressive glomerulosclerosis leads to ESRD. Assessment of GFR by cystatin C, urine or serum is considered a sensitive biomarker as it detects minor glomerular injury, and this method is not influenced by body mass, being comparable and even better than methods using serum creatinine.[@CIT0039],[@CIT0040] Our study shows that treatment with RA is better in preventing elevated serum cystatin C levels than TMS therapy and combination of RA with TMS ([Figure 11](#F0011){ref-type="fig"}). This result is in line with the effects of RA therapy on albuminuria ([Figure 2](#F0002){ref-type="fig"}). Other researchers showed that RA therapy with a dose of 7.5 mg/kg and 15 mg/kg for 8 weeks had a dose-dependent renoprotective effect that significantly decreased 24-hr urine albumin and level of serum cystatin C.[@CIT0012] Our study showed that there was a significant positive correlation between serum cystatin C level and albuminuria (r=0.789; *p*\<0.001) ([Table 1](#T0001){ref-type="table"}), both of which could be inhibited by RA therapy ([Figures 2](#F0002){ref-type="fig"} and [11](#F0011){ref-type="fig"}). This proves that RA therapy can inhibit the progression of DN in diabetic rats.

Besides having antioxidant[@CIT0026] and anti-inflammatory effects,[@CIT0027] TMS also has an antidiabetic effect.[@CIT0041] The antidiabetic effect of TMS because it has a structure similar to pioglitazone, a peroxisome proliferator activated receptor (PPARY) ligand that approved for the treatment of type II diabetes. Hamed and Malek[@CIT0041] in the STZ-induced diabetic in rats study showed that blood glucose levels and HbA1C after 8 weeks of TMS therapy were not significantly different from the nondiabetic control group and gliclazide group. Our data, using a smaller dose (1 mg/kg), showed the same results, the hypoglycemic effect of TMS occurred after 3 weeks of therapy and at the end of the study there was no significant difference with negative control group. Human studies by Honjo et al[@CIT0042] in Japanese patients with type 2 diabetes and hypertension significantly decreased HBA1 C after 3 months of treatment with TMS compared to candesartan (from 8.12±0.97 to 7.43±0.79%, *P*\<0.05) vs (7.40±1.38 to7.32±1.28%). Antihipoglycemic effects of TMS are dose-dependent.[@CIT0042] Whereas RA ameliorates hyperglycemia by regulating the key enzymes of carbohydrate metabolism as evidenced by Jayanthy and Subramanian.[@CIT0043] Oral administration of RA (100 mg/kg body weight) to high fat diet fed -- low doses of STZ-induced type 2 diabetic rats for 30 days established a significant (*P*\<0.05) decline in the levels of blood glucose, glycosylated hemoglobin, blood urea, serum uric acid and creatinine along with increase in plasma insulin level.[@CIT0043] Our results showed a decrease in blood glucose at week 3 of RA therapy, and at the end of study, blood glucose levels were not significantly different compared to the negative control group. Interestingly, the combination of RA with TMS at week 3 was found to be decreased, but in the following weeks, blood glucose levels gradually increased, and at the end of the study, no significant differences were found compared to positive control group ([Figure 1](#F0001){ref-type="fig"}). So even though both drugs have the same effect as antihyperglycemia, the combination of it has an antagonistic effect. The seemingly opposite mechanism of the effects of combination therapy between RA and TMS on blood glucose is still unclear. Further research is needed to clarify this. Different blood glucose levels between RA and TMS as monotherapy compared to the combination of both can at least affect the results of the study, even though there is a phenomenon of glucose memory.

In conclusion, our study's results reinforce the concept that damage to podocytes and subsequently detachment are important factors in the development and progression of ND, and oxidative stress plays an important role in the occurrence of this podocyte damage. In this study, therapy with RA which has been known as an antioxidant and anti-inflammatory has been shown to prevent the detachment of podocyte, to increase the expression of glomerular nephrin and podocin and also to prevent deterioration of kidney function. TMS has an effect similar to RA but the effect is generally weaker compared to RA. Interestingly, the combination of RA with TMS did not show a synergistic effect, even have higher urinary albumin excretion and worse kidney function compared to RA monotherapy. Further research is needed to clarify this apparently nonsynergistic effect of the two drugs.
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[^1]: **Notes:** There is a positive correlation between albumin urine with cystatin C serum level and urinary nephrin with podocin (r=0.789; *p*\<0.001; r=0.781; *p*\<0.001, respectively). Correlation analysis between variables was evaluated using Pearson correlations.

[^2]: **Notes:** There is a positive correlation between the expression of glomerular nephrin with podocin (r=0.613; *p*\<0.001). Correlation analysis between variables was evaluated using Pearson correlations.
